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We study dynamical processes in a multidom@itD) structured nematic liquid crystal cell with a particular
emphasis on the motion, creation, and annihilation of disclinations. In the MD cell right- and left-handed
director helices alternate due to a special choice of the director pretilt angles at the surfaces. As a result, a net
of twist disclinations occurs. We have implemented a numerical algorithm based on a pure rotational dynamics
of the director field to monitor the motion of the defect lines during the switching process, i.e., when an electric
voltage is applied to or removed from the cell. We demonstrate that the total light transmission vs time is not
affected by the presence of the defects compared to a conventional twisted nematic cell. If the pretilt angles at
the surfaces are sufficiently small, the twisting sense of one species of helices is reversed and a configuration
free of defects occurs. On the other hand, for an applied voltage twist disclinations close to the surface have to
exist. Therefore, defect lines are created or they annihilate during the switching process. We investigate these
situations in detail and reveal the underlying mechanisms.
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[. INTRODUCTION The basic idea of the multidomain concept is to avoid this
symmetry breaking. The two surfaces of the cell are treated
Liquid crystal displaygLCDs) take a very important po- such that alternating domains of left- and right-handed heli-
sition in modern information technology. They are economi-ces occur like on a chessboaigke Fig. 1 The optical ef-
cal both in their consumption of energy and their request ofects of the different domains compensate each other at the
space. Recent developments including optical compensatidangth scale of the display pixel, and hence the dependence
and in-plane switchin@l] technology improve the quality of of the contrast on the viewing angle is strongly reduced.
high-end LCDs applied in monitors. While these techniqueDifferent surface treatments are employed to realize the MD
are too expensive for the production of cheap, low-end diseoncept[3,4,12,13. The improvement in the contrast is
plays, simpler solutions for one of the main problems areclearly visible.
required: the contrast of conventional displays based on the Since helices of different twisting sense do not match, all
twisted nematidTN) cell [2] strongly depends on the view- realizations of the MD cell exhibit a characteristic net of line
ing angle. The multidomaitMD) cell (see Refs[3,4] and  defects with twist charact¢f 4] situated at the border of the
references cited in these articlésa very simple approach to domains. The radial extension of the disclination core is of
reduce this deficiency. In this paper, we will focus on a dif-the order of 10 nnj14], i.e., much smaller than the width of
ferent aspect of the MD cell. We will demonstrate that it canone domain that amounts to 10@m. Therefore, the discli-
be used as a laboratory to study the dynamics and topologirations can be neglected for the contrast properties of the
cal processes of disclination lines: a subject of fundamentadisplay.
interest in the liquid crystal fiel—9] and beyond10,11]. However the occurrence of the disclination lines depends
In the classical TN cell the liquid crystal molecules at theon the choice of the tilt angle of the molecules at the surface.
two confining glass plates are anchored parallel to the surfhe free energy of a disclination line consists of a core and
face. They enclose an angle of 90° so that the molecules ian elastic part. By reversing the twisting sense of one species
the bulk form a helix. By slightly tilting the molecules at the of helices, the disclinations are eliminated.
surface, the twisting sense of the helix can unambiguously be To accommodate the helices with the unfavorable twisting
chosen left or right. In the standard TN cell, the molecules irsense, additional splay deformations close to the surfaces
the bulk are always completely aligned along the electridyave to be introduced. If their elastic free energy is less than
field by applying a sufficiently high voltage. In a TN grey- the core energy of the disclination lines, the defect-free con-
scale display, different grey values are achieved by varyindiguration occurs. The reverse phenomena, the avoidance of
the applied voltage. The molecules are not fully alignedsplay deformations by introducing alternative distortions or
along the electric field. Their direction is governed by aneven disclinations as in the case of the MD cell, is denoted
equilibrium between elastic and electric torques. The helica$play canceling4,15,16. It appears for surface tilt angles
structure is still partly recognizable. Since all the helicessmaller than a maximum valuﬁ’, as illustrated in the con-
have the same twisting sense, the inversion symmetry of thitgguration phase diagram of Fig. 2. Note that we measure the
TN cell is broken. As a result the contrast strongly dependsilt angle with respect to the normal of the plates. T
on the viewing angle. =90° means that the molecules are parallel to the surface.
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TABLE |. Surface anchoring structure for the cell in Fig. 1 and
the electric potential at the surfaces. The quantitiég andU are
parameters in the simulation.

Coordinates Surface twist ~ Surface tilt Applied
angle angle voltage
z=0,0<y<b $,=0° 0, U=0 Vv
z=0,b<y<2b ¢,=180° 0, Uu=0 Vv
z=d, 0<x<b hp=90° 0p U=0 or 4 V
z=d, b<x<2b hp=270° O U=0 or 4V

The figure is reproduced from RdfL7], where we investi-
gated splay canceling by numerical means.

When the MD technique is used in displays, the surface
anchoring has to be chosen in such a way that the chessboard
pattern of left- and right-handed helices and, therefore, the
disclination lines are always present, particularly at zero
voltage. This corresponds to the lower path in Fig. 2. In Sec.
III' A, we will discuss the switching process of such a cell.

From a theoretical point of view the upper path in Fig. 2
is of greater interest. The configurationldt=0 V consists
e . ; of helices with a common twisting sense whereas the director
studied in this article: Th.e.bott(.)m anq top plat.es are situated at fio4 iy areal contains disclination lines. Therefore, during
=0 andz=d. They are divided into stripes of widialong thex the switching process a configurational transition must take
or they axis, respectively. The nematic director is described by lace where disclinations are created or disappear. In Sec
spherical coordinateg (polar or twist anglgand ¢ (azimuthal or Fil B ine th itchi | tﬁp ) dot )
tilt angle). The anchoring at the plates is such that the director at thé " we exa.mme . e SV\." ¢ mg. proces:'s a.ong. € upper dot-

ted line. We investigate in detail how disclinations are nucle-

surface is aligned along the stripes. Its tilt angjgis fixed, how- T .
ever the twist angles, varies by 180° when going from one stripe ated via ring defects and how they are removed when line

to the other as summarized in Table I. As a result of such an andefects cross each other. _
choring structure, a chessboard pattern of domains with LHD and The paper is organized as follows. In Sec. I, we introduce
RHD helices is expected. the geometry of our problem, summarize the theory, and in-

troduce the numerical methods to investigate the dynamical
properties of the MD cell. In addition, we provide an auto-
mated search for disclinations and explain the visualization
of the transmitted light. In Sec. Il the results of the simula-
tions are presented, and we finish with conclusions in Sec.

FIG. 1. Schematic view of the multidomain cell configuration

IV.
)
s [l. GEOMETRY, THEORY, AND NUMERICAL
o ALGORITHMS
=4
"::3 A. Geometry
o

In our simulations we use a realization of the multidomain
cell introduced by Schadit al. [3]. Figure 1 gives a sche-
matic view of the cell. Cartesian coordinates are used to
. . . . . . . describe the cell geometry. The average direction of the mol-
0 1 2 3 4 ecules is characterized by the directorSince it is a unit

voltage (V) vector, we employ a twistg) and tilt (§) angle to param-

FIG. 2. Configuration phase diagram of the multidomain cellem_Ze _|ts Cartesian componentsnxzs_lnﬁcosdz, My
reproduced from Ref17]. Two areas can be distinguished. Area I: — SIN#SIN ¢, andn,=cosé. Due to a special surface treat-
Disclination lines are present as expected due to the boundary cof2€Nt the lower and upper glass plates are divided into stripes
ditions. Area II: For low voltages and pretilt angles close to planarP0inting along thex ory axis, respectively.
anchoring, the disclination lines are removed due to the inverse At both plates the surface tilt angig assumes a common
process of splay canceling. All helices possess a common twistingalue during a simulation run, while the surface twist angle
sense. Two switching processes are investigated in the following®p varies for each stripe according to Table I. The result of
one along the upper path a§=85° and a second one in analogy to such a surface anchoring structure are domains of director
the lower path. helices with alternating twisting sense. Since helices of op-
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periodic boundary with the help of the symmetric and traceless order parameter
* field Q(x) of second rank. In the uniaxial nematic phase its
RHD |p/o LHD RHD Cartesian components are
y 1
% '8 Qij=ninj—§5ij, |,j:1,2,3, (3)
2 3
3 Q . . . .
S| LHD | b RHD LHD | & wheren,; is theith component of the director ang); is the
g < Kronecker symbol. We do not introduce the Maier-Saupe
g B b b o B order paramete$ since it is constant in the nematic phase.
Y < With the help of scalar invariants @;; andQ;; , (k denotes
a spatial derivative along thg axis), the Frank free density
RHD LHD RHD can be written in terms o®;; andQ;; « [18]:
y
t i5diE boond 1 1
. panedic baundary Fetast X) = 75 (3Kao— Ku1tkag) Qij kQij k+ 5 K11Qji kQji s

FIG. 3. Simulation box for the MD cell. Compared to Fig. 1, the 1 1
unit cell is shifted byb/2 along thex andy direction to avoid - §k22ij,IQjI,k+ Z(kss_ K11) QjkQim,j Qim .k -
disclination lines at the boundary of the box.
4

Séubstituting Eq(3) into Eqg.(4), the Frank free energy den-
sity (2) is recovered.

posite twisting sense do not match, a net of crossed twi
disclinations should occur.

The unit cell of our simulation box has a width and depth The voltage applied to the plates of the MD cell induces

of 2b, and its thickness id. We employ periodic boundary an electric field. Its electric free energy in terms of the elec-
conditions along th& andy direction. To avoid disclinations tric potentialU i's ay

at the boundary of the simulation box, we shifted the unit
cell by b/2 along thex andy direction compared to Fig. 1. 1
The final simulation box is illustrated in Fig. 3. For the fe|e((x)=§eer

E”+26L
5j+Q;|UU;, (5
lengths we chose=9 um andd=6 um.

3(€||_6L) g

wheree| and e, are the eigenvalues of the dielectric tensor

€j=¢€, 9;j+(e—€,)nin;. They stand for the dielectric con-
To obtain an initial configuration for our dynamic simula- stants parallel and perpendicular to the director. The dielec-

tions, we first minimize the total free energyof the simu-  tric anisotropy isAe=¢|—¢, .

lation box. It consists of two parts: the elastic or Frank free The minimum of the free enerdyis found by solving the

B. Equations and their numerical solution

energy and the electric free energy: Euler-Lagrange equations for the three independent scalar
fields, i.e., the tilt angle#d(x), the twist angled(x), and the
_ 3 electric potentialJ (x). With the help of the following chain
F f [Feras(X) + Fered X) Jd™x. @ rule for functional derivativeg19], we can employ the Frank

free energy densit.s:in the Q representatiofsee Eq(4)]
The Frank free energy densify,s(X) describes elastic dis- to set up the Euler-Lagrange equations:
tortions in the director fielah(x). It can be divided into three
basic modes with their corresponding elastic constants splay 5_':2 oF 5Qj; _ of _ i Jf &_
(kqq), twist (ky,), and bend Ks3): ow  8Qj; dw  [dQj; Xy I(Qijm)| W

1 1 wherew stands forg or 6. Einstein’s summation convention
folast X) = Eku(diV n)2+ Ekzz(”' curln)? is used. The Euler-Lagrange equation tbiis

oF of Jd of
1 2 —=—————=0. (7)
+ §k33(n><curln) . (2 oU  dU  dxy d(U )

The Euler-Lagrange equations were discretized on a Car-

In the nematic phase and —n describe the same situa- tesian lattice and a standard Newton-Gaul3-Seidel procedure
tion. This symmetry enables, e.g., the existence of disclinawas employed20] to solve them. The calculated minimum
tion lines. In a numerical simulation, one has to discretize theenergy configurations then served as initial configurations for
director derivatives. In order to avoid artificial derivatives the dynamic simulations.
that occur when neighboring directors are nearly antiparallel To handle the dynamics of a MD cell, we employed a
to each other, they always have to be aligned along eacpure rotational dynamics of the director field without any
other. To surpass this difficulty, we rewrite the free energycoupling to the velocity field21]:
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oF a0  oF o i.e., after an electric voltage of 4 V has been applied to or
S0 Yoo %: - ?’ES'”ZQ (8 removed from the cell. We first comment on the configura-
tion as it is used in displays, where the net of disclinations is
wherevy is a typical rotational viscosity. They were solved by always presen{Sec. Ill A). Then we consider the upper
an explicit time integration methd@0]. The electric poten- switching path in the phase diagram of Fig. 2. A configura-
tial U was assumed to adjust instantaneously to the directdional transition occurs where line defects have to be created

rotation time scale, so that the static equaii@nwas solved or removed from the cellSec. Il B).

at each time step. All the simulations presented were performed on a grid
Throughout all the simulations the values for the materialwith 40 grid points inx, y, andz direction, respectively. All
parameters were chosen as in Ref22]: k= switching times referred to in the following text and the fig-

12410 ' N, kpp=6.510"12 N, k33=19.910 " N, ¢  ures are measured in milli seconds.
=8.03, ¢, =3.59, andy;=17-10 % Nsm 2.

At last we add a note about the disclinations. The numeri- A. The MD cell as a display
cal integration of the Frank free energy density assigns some -
line enegrgy to the core of a disclinatic?rzlline thgt is a?least of It would be .”a“‘.ra' to study the switching process along
the same order as the correct valdd]. We did not correct thDe Iowiar path in F.'g' 2. Ho.we\./er,.we note that the tilt anglg
this core energy for reasons of simplicity. As the length of?p —58° below which the disclinations are always present is

the disclinations varies from one time step to the other, sucfUch smaller compared to realizations of the MD display.

a procedure would have tremendously complicated our nuE©"_€xample, Schadet al. work at a ftilt angle of 6,

merical treatment. Furthermore, the correction will not=88-7°[3]. Chenet al.have studied the occurrence of splay
change the qualitative behavior of our system. canceling in the MD cell in deta(l25], and they even fabri-
cated a display with9,? as small as 65°. With a rough esti-
C. Automated search for defects and visualization mate, the authors could show that the Va|uﬂg)ﬁ8pends on

We developed some tools to visualize the director fieldthe ratio of cell dimensions.

configuration in the MD cell. Especially, we have imple-

. - jon is distributed over the whole subpixel. Its total energy
mented an algorithm of automated Burgers circuits to dete . . :
e . : or two subpixels is approximated as an average Frank free
disclinations automatically. The algorithm adopts the con-

ventional definition of a line defect to a grid of lattice points. energy density times the volum&2i, i.e.,

To detect a line defect at a certain lattice point, we move 2(ml2—6,)

around it on a loop of nearest neighbors. When moving from Fs=K Tp

one lattice point to the next, the directors are aligned such

that they e_nclose an angle srr_]aller than 90°..At last, we com- The twist disclinations occur if their core energy, is

pare the directors at the starting and end' point of the loop. I maller tharFs. The core energy is given by

they enclose an angle larger than 90°, a line defect is present.

Whenever the angle between two neighboring directors on a F4=8Kb, (10

loop is very close to 90°, the search is performed on a loop

of next-nearest neighbors. To obtain a three-dimensional pidgvhere the average Frank const&htapproximates the line

ture of the position of the disclination lines, we use the vir-energy of a defect core. The transition between both configu-

tual reality modeling languag@3]. Each defect position on rations takes place &s~Fy or

the grid is marked by a small sphere. All spheres together

present an image of the disclination line. 6p~ml2—+2d/b.
We also calculated the optical transmission for light inci-

dent parallel to the surface normal of the plates., along

the negativez axis) based on the 2 Jones-matrix method

If the director helix is reversed, an additional splay distor-

2
} b?d. 9

(11)

With the parameters of our numerical calculatiorgp
=1/3, we find 05243° that deviates from the simulated

[24]. The incident light is polarized along the axis atz ~ Va&lue, ‘9_?:580' due to the rough estimates for the free en-
=d, and it is analyzed by a polarizer along thexis atz ~ €'9ies involved. However, Eq11) demonstrates that the
—0 after being modified by the liquid crystal. The resulting "¢latively small angle of 58° results from the small lateral
intensity is mapped onto a greyscale. Maximum transmissioffXtensionb=18 wm compared to typical pixel sizes of
corresponds to white and minimum transmission to black100 um. ) o

The resulting grey values for each grid point in thg plane _ To be closer_ to the experlmenta_l re_allzatlon of the MD
represent the transmission pattern of the liquid-crystal condiSplay, we decided to study the switching process for a cell

figuration. In our calculations, we always used monochroWith pretilt angle ,=85°. At zero voltage Y=0V) the
matic light of wavelength\ =544 nm. The refractive indi- defect configuration can nevertheless be prepared since it
ces weren, =1.489 anch)=1.762. corresponds to a metastable state. We construct it by solving

the static equatiori6). Then we set the voltage to 4 V and
start the time integration algorithm. For characteristic times
in the evolution of the director field, we plot in Fig. 4 the

In this section, we investigate the dynamic processes idisclination lines in the cell and in the lower right corner its
the MD cell, which take place during a switching processlight transmission.

Ill. SWITCHING THE MD CELL
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@9 9,
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FIG. 4. Snapshots of the moving twist discli-
nations in the MD display and its transmission of
) ) ' light (see lower right corngmt various time steps
=000 Y X =0l j after switching the electric voltage fron
\/ =0 Vto4 V. The upper and lower glass plates
are divided into anchoring stripes shown in dark
v and light grey. The director field between the two
Y, 0 plates is hidden to enlarge the visibility of the
\'i\y i ® disclination lines. For a detailed description refer
P to the text.
.O.""Il‘“ '....‘N
., @V/ °.o.0.. /
S ,
t=1.20 t=180

At t=0, the defect lines are situated in the center of thea). The dip in curvea betweernt=0.5 and 1 is a well-known
cell forming a net of twist disclinations. When the voltage is nenomenon in a TN cell with pretii26]. The transmission
turned on, the disclinations start to move towards the glasgharacteristic of a TN celsee curve) is also plotted in Fig.

plates(see Fig. 4t=0.84 and 1.20). At their intersections 5|t demonstrates that far away from the disclination lines
they are dipped towards each other, due to an attractive ifhe nelices in the MD cell switch nearly as fast as in a pure

teraction. When they have reached the bounding surfaces display. Since the lateral extension of a pixel is much
they straighten oufsee Fig. 4t=1.80). It is instructive to  |arger than the core of a twist disclination, we can conclude

consider the light transmission. A0, the disclinations can  that the motion of the defect lines does not influence the light
hardly be seen in the transmission pattern. When they mov@ansmission of a MD display.

towards the glass plates, the contrast becomes stronger, i.e.,\we finish with two remarks. First, when the voltage is
close to the disclinations the cell switches faster compared tq,rned off, the motion of the disclination lines, as illustrated
the rest of the display. This surprising result is also illustratedy the snapshots of Fig. 4, is simply reversed.

in Fig. 5, where we plot the transmission vs time close to the  secondly, the position of the twist disclinations as a func-
defect lines(curveb) and in the center of the displdgurve  tion of the pretilt angleg, for zero voltage is the following.

Until 6,=80° the defect lines are straight and located in the
center of the cell. Below,=80° they start to bend moving
towards the glass plates but still touching each other at the
intersections. A,=60°, the lines lose contact, and for fur-
ther decreasing, they move closer to the surface.

o
©

o
[
T

B. Configurational transitions in the MD cell

1. Switching from0 V to 4 V

e
'S
T

For the upper path in Fig. 2, we calculate the initial con-
figuration by solving the static equatidf) for O V. As be-
fore, the voltage is set to 4 V, and the time integration algo-
rithm is started. Snapshots of the appearing disclination lines
and the light transmission patterns are illustrated in Fig. 6.

At t=0.0 all helices have a common twisting sense. The
helices of the right-handed helic€RHDs) (see Fig. 3 turn

FIG. 5. Light transmission vs time in the MD displa) in the  in accordance with their boundary conditions. The helices in
center of the cell(b) close to a twist disclination, and, for compari- the left-handed heliced. HDs) have reversed their twisting
son, in the TN cellcurvec). sense by introducing an additional splay deformation that is

02

intensity of the transmitted light

0 0.5 1 15 2 25 3 3.5
simulation time
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z '\ -
.
1=0.00 1=3.60
Y '\/‘ X .
a4

\ul)
<D
T Ty

FIG. 6. Snapshots of the creation of disclina-
tions in the MD cell and its transmission of light
(see lower right corngmt various time steps after
switching the electric voltage frold=0 V to
4 V. The upper and lower glass plates are di-
vided into anchoring stripes shown in dark and
, - light grey. For a detailed description refer to the

v text.

1=14.88 t=15.60

{1 1] ...’.

Pz

e
ol‘”\

e,
\“J

t=16.80 t=17.88

= —

. ~

1=18.19 1=32.35

distributed over the whole helix. No disclinations arein Fig. 6. Note that the length of the nail is given by the
present. Now the voltage of 4 V is applied and the directorgrojection of the director on the drawing plane and that the
start to align along the electric field. A= 3.6 a clear differ- head symbolizes the part of the director below the drawing
ence can be seen between the two types of helices: In th@dane.

RHDs the transmission is already close to zero, i.e., the helix In the first and second helix all directors are commonly
is destroyed since the directors are parallel to the electritilted towards the electric field, and they can align along the
field. In the LHDs the transmission is almost unchanged. Thédield immediately. However, the third and fourth helix,
helix structure is still present. We understand that featuravhose twisting sense is reversed by an additional splay de-
from Fig. 7@ where we present a schematic nail picture offormation, are temporarily stabilized by the occurrence of a
the helices along a path indicated in the snapshots of the cdflorizontal director. Att=14.88, also the directors in the
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(a) t=0.00 {b) t=14.88 (c) t=16.80 close to the upper surface is still present. An inspection of
_ - o= T T the director field reveals that this splay deformation can be
e /=N / /@\ N reduced locally by opening up disclination rinfsee Fig.
VNN | N | | / \ | 8(a)]. Their right and left parts are twist disclinations
v o NN | A | | | | | whereas the upper and lower parts have a wedge character.

The latter ones annihilate with the existing wedge disclina-
N A v A . . . P
v l < < l l {@1 _!_ tions [see Fig. &)], and the twist parts of the disclination
f f 1 1 Y e 4 - . ring produce the two required defect lines parallel to yhe
v y y axis.

o . . . The final director field of the global minimum consists of
F_IG._ 7. _Nall_plctu_re to illustrate the mechanism for the_cre_anontwo pairs of disclinations, parallel to the surface anchoring
of disclination rings in the MD cell. The length of the nail is given stripes of the respective glass plates. It is taken as initial

by the projection of the director on the drawing plane. Its headconfiguration in the following section as illustrated in Fig. 9,
symbolizes the part of the director below the drawing plaiae. t=0.0.

Undistorted helices, the third and fourth helix have reversed their
twisting sense by introducing an additional splay deformation. The o
helices belong to a path parallel to thexis indicated in Fig. 6 by 2. Switching from4 Vto 0 V
an arrow. (b) After applying an electric field, the first and fourth |n Fig. 9, we illustrate the evolution of the MD cell after
helix are distroyed.(c) By introducing a twist(T) and a+1/2  the voltage of 4 V has been removed at0.0. The disclina-
wedge(W) disclination, the diregtors in the second and third helix tion pattern and the transmission of light are shown.tAt
can be aligned along the electric field. =0.0 the directors are still aligned along thaxis parallel to
the electric field direction. The helices are destroyed and the
LHDs are aligned along the electric fidlslee fourth helix in  intensity of the transmitted light is zero. The twist disclina-
Fig. 7(b)] leaving two bright stripes in the transmission pat- tions are located close to the surfaces. When the voltage is
tern. They result from regions symbolized by the second andemoved, the director field relaxes due to the elastic interac-
third helix in Fig. 1b) whose directors can only be aligned tions. At t=2.42 the helices in the LHDs and RHDs are
along the electric field by introducing &3 wedge(W) and  restored.
a twist (T) disclination, as illustrated in Fig.(@). These dis- The director configuration has regained its ability to rotate
clinations are part of one of the two defect rings that start t¢he polarization of light, and the transmission is almost at its
open up in thex-z plane att=14.88 and then grow continu- maximum. Figure 9f=2.42, reveals that the disclinations
ously. Upon touching each othertat 17.66, they annihilate have moved towards the center of the cell. They are clearly
leaving a wedge and a twist disclination at the upper andisible in the transmission. Att=5.36 the disclinations start
lower plate, respectively. The line defects straighten out untito dip towards each other due to a strong attraction in the
t=32.35. Note that due to the creation of the two defectregion of their crossing sections. Thentat6.77, recombi-
lines, one bright stripe has vanished in the transmission parations of the disclinations take place that are completed at
tern. t=12.12 when a net of disclinations is situated at the center
At t=32.35 the simulation is trapped in a local minimum. of the cell atz=d/2.
To reach the global minimum a second pair of disclinations So far, the situation is similar to the MD display discussed
should have been created to reduce the transmission of thie Sec. Il A. Here, the intersections of the disclinations
second white stripe. But even then the cell is not in its gobakventually break up such that two line defects re@ée Fig.
minimum configuration since the disclination lines at the up-9, t=17.64) that straighten out unti=42.00. They separate
per plate have to point along tlyeaxis. To achieve a rotation domains with right- and left-handed helices. Now, our simu-
of the defect lines, we propose the following mechanism. Ination is trapped in a local minimum, and the configuration
Fig. 8(a) the defect lines at the upper plates are drawn. Noteloes not change any more. The global minimum would be
that in the regions 1 to 4 an additional splay deformationhelices with a common twisting sense. It can be reached by
the following scenario. At=12.12 the intersections of the

w : : line defects should break up such that a ring disclination in
1 § § the center of the cell occurs that shrinks and ultimately an-
§ § nihilates leaving a defect-free configuration. Whether this
' 4 2 ‘ § § scenario does not appear in our simulation due to numerical
f f inaccuracies or whether it is very unlikely to happen since
y 3 § | the intersections have to break up in a very defined way, has
T_T_“ f 5 to be answered by an experimental investigation.
" (a) (b) (©)
FIG. 8. Mechanism to rotate the disclination lines close to the IV. CONCLUSIONS

upper plate by 90°(a) Disclination rings open up in the regions 1

to 4. (b) They partially annihilate with the existing wedge disclina-  The concept for the MD cell emerged from the need to
tions. (c) Defect lines of twist character along tlgeaxis result. For ~ improve the viewing angle of the conventional liquid crystal

a detailed description refer to the text. display based on the TN cell. In this paper we have studied
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FIG. 9. Snapshots of the partial disappearance
of disclinations in the MD cell and its transmis-
sion of light (see lower right corngrat various
time steps after switching the electric voltage
fromU=4 Vto0 V. The upperand lower glass
plates are divided into anchoring stripes shown in
dark and light grey. For a detailed description re-
fer to the text.

1=6.77 t=12.12

RN

1=17.64 I\ 1=42.00

™\ —

one realization of the MD cell in detail. By tilting the direc- From a theoretical point of view, the second configuration
tor against the planar orientation at the surface, a chessboawithout defects at zero voltage is more appealing. It provides
pattern of alternating left- and right-handed helices is exa playground for studying the creation and annihilation of
pected where topology requires the existence of twist disclitine defects. We have investigated these processes for the
nations. For sufficiently small tilt angle®, against the sur- MD cell in detail, and we have revealed their mechanisms;
face normal, the pattern exists. Howeverpjf is increased, e g., when the voltage is turned on, defect rings with a mixed
the twisting sense of one species of helices is reversed at th@gist and wedge character are nucleated. They partly annihi-
cost of an additional splay deformation. Following Chen|ate to create two twist disclinations at the surface. An ob-
et al.[25], we have given an estimate for the tilt angl}  stacle of our simulations is that the dynamics becomes
where a transition between both configurations occurs. Krapped in a metastable minimum and does not relax into the

solely depends on the ratio of the cell dimensions. global minimum. Therefore, to check our results, an experi-
We have implemented a numerical algorithm based on gnental investigation would be helpful.

pure rotational dynamics of the director field to study the

dynamics of the MD cell that is driven by an electric field.

Furthefmore, we have de\_/elt_)ped to_ols to visualize _the_defect ACKNOWLEDGMENTS

dynamics and the transmission of light. In the realization of
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